Aim: Tofacitinib is an oral Janus kinase inhibitor for the treatment of rheumatoid arthritis (RA). We assess the effect of tofacitinib + conventional synthetic disease-modifying anti rheumatic drugs (csDMARDs) on patientreported outcomes in Chinese patients with RA and inadequate response to DMARDs.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by systemic inflammation, persistent synovitis and joint destruction. The prevalence of RA in mainland China is estimated to range from 0.2% to 0.9% [1] [2] [3] and is comparable with worldwide prevalence estimates (0.24%).
RA represents a significant health and socioeconomic burden, and affects all domains of health-related quality of life (HRQoL). 5 In a cross-sectional survey of patients attending a rheumatology center in southwest China, 58.5% were functionally disabled. 6 For patients, improvement in HRQoL, pain, physical function and fatigue are often more meaningful than improvements in underlying disease activity when evaluating therapies. 7 Several patient-reported outcome (PRO) measures, such as the Health Assessment QuestionnaireDisability Index (HAQ-DI), Short Form-36 Health Survey (SF-36), patient global assessment of disease activity (PtGA), and patient assessment of arthritis pain (Pain), can more comprehensively reflect the impact of treatment on patients with RA than physician-reported measures such as swollen/tender joint assessment and physician global assessment of disease activity (PGA). 8, 9 Tofacitinib is an oral Janus kinase inhibitor for the treatment of RA. The efficacy and safety of tofacitinib 5 and 10 mg twice daily administered as monotherapy or in combination with conventional synthetic diseasemodifying antirheumatic drugs (csDMARDs), mainly methotrexate (MTX), in patients with moderately to severely active RA, have been demonstrated in global Phase 2 [10] [11] [12] [13] [14] and Phase 3 [15] [16] [17] [18] [19] [20] studies of up to 24 months' duration and in long-term extension studies with up to 105 months' observation. [21] [22] [23] The Phase 3 study, ORAL Sync, was a 12-month, randomized controlled trial (ClinicalTrials.gov identifier NCT00856544) assessing tofacitinib treatment in combination with DMARDs in adult patients with active RA who had previously had inadequate responses to DMARD therapy. 17 Tofacitinib 5 and 10 mg twice daily demonstrated rapid, clinically meaningful improvements in symptoms of RA and physical function, with a safety profile consistent with that observed in other Phase 3 studies in the global study population 17 and a Chinese sub-population of ORAL Sync. 24 In a Chinese sub-population analysis using non-responder imputation, patients receiving tofacitinib 5 and 10 mg twice daily achieved significantly higher American College of Rheumatology (ACR) 20 response rates (67.4% and 70.6%, respectively) versus placebo (34.1%) at month 6. Rates of remission (Disease Activity Score in 28 joints, erythrocyte sedimentation rate [DAS28-4(ESR)] < 2.6) were also significantly greater in patients receiving tofacitinib 5 and 10 mg twice daily (7.1% and 13.1%, respectively) versus placebo (2.3%) at month 6. The safety profile of tofacitinib in Chinese patients was consistent with findings from global studies. 24 Significant and clinically meaningful improvements in several PROs have been reported in the global population of a number of Phase 3 trials of tofacitinib. [25] [26] [27] [28] [29] The objective of this analysis was to investigate the impact of tofacitinib with background csDMARDs on PROs in Chinese patients enrolled in ORAL Sync, the only Phase 3 study of tofacitinib in patients from China with RA.
MATERIALS AND METHODS
Study design and patient population PRO data were analyzed from a sub-population of Chinese patients with RA enrolled in the randomized, 12-month, double-blind, placebo-controlled, parallel group, Phase 3 study, ORAL Sync (A3921046 [NCT00856544]). 17 In ORAL Sync, patients with an inadequate response to treatment with one or more csDMARDs or biologic DMARDs (bDMARDs) at a stable dose were randomized 4 : 4 : 1 : 1 to receive tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily, placebo switched to tofacitinib 5 mg twice daily (placebo?tofacitinib 5 mg twice daily), or placebo switched to tofacitinib 10 mg twice daily (placebo? tofacitinib 10 mg twice daily), respectively, all in combination with csDMARDs. Patients receiving background MTX (maximum dose 25 mg/week) required at least 4 months of therapy with stable dosing 6 weeks before receiving the study drug. Patients receiving placebo who did not respond at 3 months were switched blindly to tofacitinib 5 or 10 mg twice daily; response was defined as a reduction of at least 20% from baseline in swollen and tender joint counts. At month 6, all remaining placebo patients were switched to tofacitinib. 17 Detailed inclusion criteria have been previously reported. 17 Briefly, eligible patients were aged ≥ 18 years and had active RA based on the ACR 1987 revised criteria. 30 Key inclusion criteria included ≥ 4 tender or painful joints, ≥ 4 swollen joints (68-or 66-joint count), and an ESR of ≥ 28 mm/h or a C-reactive protein level of ˃7 mg/L. Key exclusion criteria included: serious chronic or recurrent infections; evidence of active or inadequately treated latent tuberculosis infection; history of recurrent herpes zoster (HZ), disseminated HZ or herpes simplex, hepatitis B or C, human immunodeficiency virus or other opportunistic infections; history of lymphoproliferative disorder and malignancy (except adequately treated or excised non-metastatic basal or squamous cell skin cancer or cervical carcinoma in situ).
The study was conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical Practice 
Outcomes
Physical functioning was assessed by HAQ-DI, a generic patient-reported questionnaire assessing mobility and physical function. The HAQ-DI includes 20 questions across eight categories, each scored 0-3, with 0 indicating that the respondent is able to undertake the activity without any difficulty, and 3 indicating that the respondent is unable to perform the activity. 31 Change from baseline in HAQ-DI score and the proportion of patients achieving a minimal clinically important difference (MCID) in HAQ-DI, defined as an improvement from baseline ≥ 0.22, were analyzed.
PtGA, PGA and Pain were each assessed by 100 mm visual analogue scales, on which the patient indicated their subjective opinion of their current disease activity or arthritis pain severity. 32 Change from baseline in PtGA, PGA and Pain were analyzed.
Fatigue was assessed by the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) scale, a 13-item questionnaire used extensively to assess fatigue in chronic diseases. Each item has five response options, scored 0-4; the total FACIT-F scale score ranges 0-52, with 0 being the worst possible score and 52 the best. 33 Change from baseline in total FACIT-F score was analyzed.
General aspects of HRQoL were assessed using the SF-36 questionnaire, which consists of a series of simple, generic questions regarding quality of life across eight domains: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional and mental health, each scored 0-100. 34 These eight items can be aggregated into two summary measures: the Physical and Mental Component Summary scores (PCS and MCS, respectively). The Chinese version of the SF-36 questionnaire has been validated in Chinese patients. 35 Change from baseline in each of the domains, PCS and MCS of the SF-36 were analyzed.
The Work Limitations Questionnaire (WLQ) measured the extent, over the last 2 weeks, to which health problems interfered with specific aspects of job performance and the productivity impact of work limitations. The WLQ consists of 25 items across four domains (physical demands, time management, mental/interpersonal demands and output demands), with each item rated on a five-point scale. 36 A Work Loss Index was also calculated from the WLQ scores. Change from baseline in each of the domains of the WLQ and the Work Loss Index were analyzed.
Statistical analysis
This exploratory analysis was based on the Chinese subpopulation of the full analysis set (FAS; all patients who received at least one dose of study treatment and for whom data were available from at least one post-baseline assessment). No imputation for missing values was performed. Statistical significance was declared at P ≤ 0.05 with no correction for multiple comparisons.
All endpoints were summarized as least squares mean (LSM) changes from baseline at week 2, months 3, 6, 9 or 12, and analyzed using a linear mixed-effects repeated-measures model. For comparison with placebo, data from patients receiving each dose of tofacitinib were compared with combined data from placebo?tofacitinib 5 mg twice daily and placebo? tofacitinib 10 mg twice daily at 3 and 6 months. Data from 6 to 12 months are presented with no formal statistical comparisons between treatment groups.
RESULTS
A total of 216 patients were enrolled in China and received study treatment. Eighty-six patients received tofacitinib 5 mg twice daily and tofacitinib 10 mg twice daily, and 22 received placebo?tofacitinib 5 mg twice daily and placebo?tofacitinib 10 mg twice daily. A total of 17 patients discontinued, four from the tofacitinib 5 mg twice daily group, eight from the tofacitinib 10 mg twice daily group, three from the placebo? tofacitinib 5 mg twice daily group, and two from the placebo?tofacitinib 10 mg twice daily group (Fig. 1 ).
Patients
For the total Chinese patient population, the mean age of patients was 48.1 years (range: 20-78 years), the mean body mass index was 22.4 kg/m 2 (range: 15.1-32.5 kg/m 2 ), and the majority of patients (85.2%) were female. There were no major differences in demographics between treatment groups. Baseline HAQ-DI indicated moderate to severe RA, with no clear differences between treatment groups (Table 1) .
A total of 184 patients had previously received DMARD therapy with MTX (tofacitinib 5 mg twice daily: n = 75; tofacitinib 10 mg twice daily: n = 71; placebo?tofacitinib 5 mg twice daily: n = 19; placebo? tofacitinib 10 mg twice daily: n = 19). Tumor necrosis 
Follow-up
Discontinued n = 4 
HAQ-DI
Both tofacitinib doses resulted in significantly greater changes from baseline in HAQ-DI scores (indicating improvement in physical functioning) at 3 months (5 mg twice daily: À0.36, P < 0.05; 10 mg twice daily: À0.48, P < 0.001) compared with placebo (À0.13) (Fig. 2a) . At 6 months, HAQ-DI for patients in both tofacitinib dose groups remained significantly improved (5 mg twice daily: À0.52, P < 0.05; 10 mg twice daily: À0.55, P < 0.05) compared with the placebo group (À0.25). At 12 months, all treatment groups showed similar improvements in HAQ-DI relative to baseline (Fig. 2a) .
A significant difference in change from baseline in HAQ-DI scores was observed as early as 2 weeks for tofacitinib 10 mg twice daily compared with placebo (À0.24 vs. 0.0; P < 0.05) and 2 months for tofacitinib 5 mg twice daily compared with placebo (À0.33 vs. À0.15; P < 0.05).
The proportion of patients achieving improvement in HAQ-DI score ≥ 0.22 from baseline (defined as MCID) at 3 months was significantly higher in the tofacitinib groups (5 mg twice daily: 60.0%, P < 0.01; 10 mg twice daily: 59.5%, P < 0.01) compared with placebo (35.7%). At 12 months, the proportion of patients achieving MCID was 76.8%, 73.1%, 73.7% and 65.0% for tofacitinib 5 mg twice daily, tofacitinib 10 mg twice 
PtGA
Changes from baseline in PtGA at 3 and 6 months were greater in the tofacitinib groups (5 mg twice daily: À21.8 at 3 months and À27.1 at 6 months; 10 mg twice daily: À24.0 at 3 months and À26.1 at 6 months) compared with placebo (À10.3 at 3 months and À19.1 at 6 months) (Fig. 2b) ; however, the differences were statistically significant only at 3 months (P < 0.05). At 12 months, the tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily, and placebo?tofacitinib 5 mg twice daily groups showed similar improvements from baseline in PtGA (À32.1, À29.4 and À31.6, respectively), with the placebo?tofacitinib 10 mg twice daily group showing an improvement of À18.8 (Fig. 2b) . Significantly greater changes from baseline in PtGA were observed as early as 2 weeks for both tofacitinib groups (5 mg twice daily: À11.9, P < 0.05; 10 mg twice daily: À12.0, P < 0.05) compared with placebo (À4.6) (Fig. 2b) .
PGA
Changes from baseline in PGA at 3 months were significantly greater in the tofacitinib groups (5 mg twice daily: À24.8, P < 0.05; 10 mg twice daily: À26.2, P < 0.001) than with placebo (À15.7) (Fig. 2c) . At 6 months, changes from baseline were significantly greater in the tofacitinib groups (5 mg twice daily: À32.6, P < 0.05; 10 mg twice daily: À33.8, P < 0.001) than with placebo (À21.2). At 12 months, the tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily, placebo?tofacitinib 5 mg twice daily, and placebo? tofacitinib 10 mg twice daily groups showed similar improvements from baseline in PGA (À39.0, À37.8, À39.8 and À37.6, respectively).
Significant improvements in change from baseline in PGA for either tofacitinib group compared with placebo were first observed after 1 month for the tofacitinib 10 mg twice daily group (À19.1 vs. À11.8, P < 0.05) and after 3 months for the tofacitinib 5 mg twice daily group (À24.8 vs. À15.7, P < 0.05).
Pain
Decreases from baseline in Pain scores (indicating reduction of pain) at 3 months were significantly greater in both tofacitinib groups (5 mg twice daily: À20.9, P < 0.001; 10 mg twice daily: À20.2, P < 0.001), compared with placebo (À7.9) (Fig. 2d) . Significant decreases compared with placebo (À15.0) were also observed at 6 months in both tofacitinib groups (5 mg twice daily: À27.9, P < 0.05; 10 mg twice daily: À24.8, P < 0.05). At 12 months, the tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily, and placebo?tofacitinib 5 mg twice daily groups showed similar decreases from baseline in Pain scores (À30.2, À30.3 and À35.5, respectively), with the placebo? tofacitinib 10 mg twice daily group showing a decrease of À22.3 (Fig. 2d) .
Significantly greater change from baseline in Pain for tofacitinib 10 mg twice daily compared with placebo (À10.9 vs. À3.5; P < 0.05) was observed as early as 2 weeks, and for tofacitinib 5 mg twice daily compared with placebo (À15.4 vs. À5.5; P < 0.05) as early as 1 month (Fig. 2d) .
FACIT-F
There were no significant differences between the tofacitinib (5 mg twice daily: 3.3; 10 mg twice daily: 3.6) and placebo (1.5) groups in change from baseline in FACIT-F scores at 3 months (Fig. 3a) . At 6 months, patients receiving tofacitinib 10 mg twice daily demonstrated statistically significant improvement in FACIT-F scores compared with placebo (4.0 vs. 0.6; P < 0.05). Improvements in FACIT-F scores were maintained in the tofacitinib groups between 6 and 12 months (Fig. 3a) .
SF-36
SF-36 domain scores in bodily pain, vitality and social functioning were significantly improved in both tofacitinib groups at 3 months, compared with placebo; additionally, physical functioning was improved in patients receiving tofacitinib 10 mg twice daily and general health perception was improved in patients receiving tofacitinib 5 mg twice daily at 3 months (Table 2) . At 6 months, improvements were significant in general health perception score in patients receiving 5 mg twice daily, and vitality and role-emotional scores in patients receiving 10 mg twice daily. Improvements in SF-36 domain scores were generally maintained at 12 months (Table 2) .
International Journal of Rheumatic Diseases 2018; 21: 402-414 At 3 months, changes from baseline in PCS scores were significantly higher with both tofacitinib doses (5 mg twice daily: 5.4, P < 0.05; 10 mg twice daily: 6.7, P < 0.001) than with placebo (2.5) (Fig. 3c) . At 6 months, change from baseline in MCS score was significantly greater compared with placebo in the tofacitinib 10 mg twice daily group (4.6 vs. 0.0; P < 0.05). Improvements in MCS scores were maintained at 12 months in all treatment groups (Fig. 3b) .
Work Limitations Questionnaire
The improvements in changes from baseline at months 3 and 6 with tofacitinib versus placebo in all domains of the WLQ (physical demands, time management, mental/interpersonal demands and output demands), and in WLQ Work Loss Index (Fig. 4a-d and Fig. S1 ), were not statistically significant.
DISCUSSION
This analysis evaluated the effect of tofacitinib in combination with csDMARDs on PROs in a Chinese subgroup of patients from a Phase 3 randomized study who had previously had an inadequate response (lack of efficacy or toxicity) to at least one csDMARD or bDMARD.
Improvements in physical functioning, that is, changes from baseline in HAQ-DI, were statistically greater for both tofacitinib doses compared with placebo at 3 and 6 months, and appeared to be sustained over the 12-month duration of the study. After 3 months,~60% of all patients receiving tofacitinib achieved the MCID in HAQ-DI, significantly higher than in the placebo group (~36%). HAQ-DI is a commonly used instrument for assessing physical functioning in patients with RA, and scores have been reported to reflect HRQoL in patients with RA. 37 HAQ-DI scores have also been reported in China to be predictive of RA total costs, and it has been suggested that reduction in HAQ-DI score should be a treatment target, with the potential to reduce the total societal costs of RA. 38 Significantly greater reductions in PtGA, PGA and Pain were reported at 3 months, and in PGA and Pain at 6 months, in patients receiving tofacitinib compared 
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International Journal of Rheumatic Diseases 2018; 21: 402-414 with placebo; changes at 6 months were of a similar magnitude to those reported for TNFi monotherapy, but somewhat lower than for TNFi/MTX combination therapy, in a global population. 39 Improvements in PtGA and Pain in patients receiving tofacitinib compared with placebo appeared to manifest earlier than improvements in PGA; this observation is in line with recent reports of discordance between PtGA and PGA from a meta-analysis of global studies. 40 Generic HRQoL measures, such as the SF-36, allow comparison with population norms.
5 SF-12 MCS and PCS have been demonstrated to be substantially reduced in a survey of an urban population with RA in China. 41 Treatment-related improvements in HRQoL can be important for patients, and such data may also be considered when making formulary and reimbursement decisions. 42 The SF-36 questionnaire used in the present study has been validated in Chinese patients. 35 Patients receiving tofacitinib at either dose had significantly greater improvement at 3 months in SF-36 PCS scores than those receiving placebo; however, improvements in SF-36 MCS were not statistically significantly different. Improvements in SF-36 PCS and MCS scores were maintained at 6 and 12 months. In the global ORAL Sync population, SF-36 PCS and MCS were both significantly improved at 3 months in patients receiving tofacitinib compared with patients receiving placebo; 29 the lack of statistical significance for SF-36 MCS at 3 months in Chinese patients might reflect the reduced sample size in the current analysis. Increases in SF-36 PCS and MCS scores reported here were of a similar magnitude to those reported for Asian patients with RA receiving etanercept plus MTX. 43 A rapid onset of action is considered a positive feature of RA treatment. 44 Significant improvements at 2 weeks, the earliest time point for data collection, were observed in PtGA for both tofacitinib groups and in HAQ-DI and Pain for tofacitinib 10 mg twice daily.
RA has been identified as having a substantial impact on work capacity in Chinese patients, 45 however, no significant changes were observed in any of the individual domains or the Work Loss Index of the WLQ. Significantly greater changes at 3 months in the Physical Demands domain of the WLQ were seen for patients receiving tofacitinib than those receiving placebo in the global population in the ORAL Sync study (unpublished data). Although the employment status of patients in the Chinese sub-population was not captured during the study, the instructions in the WLQ asked patients to consider how their health may have affected them at work during the past 2 weeks. This instruction led to a relatively smaller number of patients answering the questionnaire (e.g., Work Loss Index was calculated for 42, 44 and 21 patients receiving tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily and placebo, respectively, at 3 months). This may also have contributed to the lack of statistical significance in WLQ domains and WLQ Work Loss Index at 3 and 6 months.
These findings are consistent with those reported in other Phase 3 trials of tofacitinib, which report significant and clinically meaningful improvements in several PROs. [25] [26] [27] [28] Overall, findings obtained with PRO measures in a Chinese sub-population of the ORAL Sync study were consistent with those observed in the global population, in which patients receiving tofacitinib reported statistically significant improvements in PtGA, Pain, HAQ-DI, SF-36 MCS and PCS scores, and FACIT-F compared with patients receiving placebo. 29 These findings are also consistent with those reported in trials reporting PROs during bDMARD therapy in patients who have previously had an inadequate response to csDMARDs. 46, 47 The improvements in HAQ-DI at 6 months reported in Chinese patients in the present study were comparable to those observed after 24 weeks treatment with TNFi as monotherapy or in combination with MTX in a network meta-analysis. 39 They were also comparable to those reported for treatment with etanercept for 16 weeks in 197 Asian patients with RA. 43 Currently, six bDMARDs are approved for RA treatment in China, and a recent large-scale, real-world study of RA patients in China reported bDMARD usage in routine clinical practice in accordance with treatment guidelines. 48 Interestingly, this study also reported that a lower proportion of patients (10.5%) were prescribed bDMARD monotherapy in China than in the USA (30%), 49 which suggests better compliance with international treatment guidelines that recommend bDMARDs in combination with csDMARDs, rather than as monotherapy. 50 A number of limitations of the current analysis are acknowledged. The study was not designed specifically for analysis of PRO data from the Chinese sub-population, which was exploratory. Furthermore, the limited number of patients in this sub-population necessitates caution when interpreting these results. Also, owing to patients who received placebo being switched to tofacitinib therapy at either 3 or 6 months, a direct comparison of tofacitinib and placebo cannot be undertaken across the full 12-month duration of the study. However, HAQ-DI, PtGA, Pain, SF-36 MCS, SF-36 PCS and FACIT-F scores all showed numerical improvements from 6 months onward for patients initially receiving placebo (i.e., after they had been switched to tofacitinib). As enrollment was not stratified by background DMARD therapy and most patients (approximately 85%) were receiving MTX prior to enrollment, analysis of the effect of different csDMARDs on PRO response to tofacitinib was not possible. The employment status of patients was also not captured during the study. Finally, missing data were not imputed in this analysis; however, LSM change from baseline, as used presently, is generally considered to be less sensitive to such missing data than when analysis is based on arithmetic means.
In conclusion, in this analysis in Chinese patients, tofacitinib 5 and 10 mg twice daily in combination with csDMARDs appeared to provide benefit across a range of PROs in patients who had previously had an inadequate response to csDMARD therapy, reflecting improvements in HRQoL, physical function and pain, which were maintained for up to 12 months.
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